Supersymmetric Electroweak Corrections to the Chargino Decay into
  Neutralino and W Boson by Ren-You, Zhang et al.
ar
X
iv
:h
ep
-p
h/
01
11
12
4v
1 
 1
0 
N
ov
 2
00
1
Supersymmetric Electroweak Corrections to the Chargino
Decay into Neutralino and W Boson ∗
Zhang Ren-You2,Ma Wen-Gan1,2,Wan Lang-Hui2
1 CCAST (World Laboratory), P.O.Box 8730, Beijing 100080, P.R.China
2 Department of Modern Physics, University of Science and Technology
of China (USTC), Hefei, Anhui 230027, P.R.China
Abstract
We investigated the electroweak corrections from one-loop diagrams involving the
third generation (s)quarks to the decay width of process χ˜+1 →W+χ˜01 in the framework
of the Minimal Supersymmetric Standard Model. Our calculation shows that these
corrections are not very sensitive to the mass of the lightest neutralino χ˜01 and the
sbottom mixing angle θb, but depend strongly on the top squark mixing angle θt
and tanβ. With our chosen parameters, we find that these radiative corrections can
exceed 10%, therefore they should be taken into account for the precise experimental
measurement at future colliders.
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I Introduction
Over the past years, many experimental works were focused on the finding new physics
beyond the standard model (SM) [1]. At the same time, some new theoretical models have
been developed in order to describe the new physics, such as the minimal supersymmetric
model (MSSM) [2] [3] [4], large extra dimensions model [5], etc. Among these models,
the MSSM is arguably the most promising candidate for extension beyond the SM, in
which all the SM particles have their supersymmetric partners. The existence of these
supersymmetric particles is one of the characteristics of this theory. Therefore, searching
for these supersymmetric particles at colliders is an important task to verify the MSSM.
In the MSSM there exist two charginos χ˜+i (i = 1, 2) and four neutralinos χ˜
0
i (i = 1, ...,
4). They are just the mixtures of gauginos and higgsinos, the supersymmetric partners
of gauge bosons and Higgs bosons [2] [3]. The lightest neutralinos χ˜01, χ˜
0
2 and chargino
χ˜+1 (mχ˜+
1
< mχ˜+
2
) are expected to be the lightest supersymmetric particles. For R-parity
conservation, the lightest supersymmetric particle (LSP) χ˜01 is stable and invisible. Thus,
the states χ˜02 and χ˜
+
1 might be the first supersymmetric particles to be discovered. The
search for χ˜+1 and χ˜
0
2 is the main task at present and future colliders. Many experiments
have been done at present colliders, such as LEP, Tevatron, etc., in searching for the
supersymmetric particles [6] [7] [8], especially for charginos and neutralinos [9] [10]. At
the same time, the phenomenological calculations of chargino and neutralino productions
via γγ, e−γ, e+e−, e−e−, γp, pp collisions, etc., have also been performed. They can be
found in Ref.[11, 12, 13, 14, 15, 16, 17].
The decays of charginos and neutralinos in the MSSM have been widely discussed
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[18] [19]. If the mass splitting between χ˜01 (LSP) and χ˜
+
1 or χ˜
0
2 is not large enough, the
three-body decay modes of χ˜+1 and χ˜
0
2 into χ˜
0
1 and two fermions through vector boson,
Higgs boson and sfermion exchanges are the dominant decay modes, which take place
mainly in the minimal supergravity (MSUGRA) scenario. But in the models without
gaugino mass unification at the GUT scale, the mass splitting between them can exceed
the masses of gauge bosons (W,Z) and Higgs bosons in some parameter space. Therefore,
the decay modes χ˜+1 (χ˜
0
2)→W+(Z0)+χ˜01, χ˜+1 (χ˜02)→ H+(h0,H0, A0)+χ˜01 are kinematically
accessible. In this case, the above two-body decay channels will be the most important
decay modes of χ˜+1 and χ˜
0
2, since the chargino and neutralino have enough phase space to
decay firstly via these channels. If χ˜+1 and χ˜
0
2 are rather heavy, some new decay channels,
such as decay into f f˜ pair, should be under consideration when they are kinematically
allowed [18]. In this paper, we will only consider the decay of the lightest chargino into the
lightest neutralino and W boson. As mentioned above, in the case of mχ˜+
1
> mW +mχ˜0
1
,
this decay channel can open up and will be the dominant decay channel of χ˜+1 . The
W boson’s leptonic decay may be used as a spectacular trigger. For the comparison of
the theoretical prediction with the precise measurement at the future colliders, the more
accurate calculation of the partial decay width of this decay mode is necessary. For this
purpose, the radiative corrections at one-loop level should be included. Since there is
no one-loop QCD correction to this process, the electroweak corrections from one-loop
quark-squark diagrams are the most important. In this paper, only the third generation
quarks and squarks are considered because of the Yukawa characteristic factor mq/mW
in the chargino/neutralino-quark-squark vertices (mq is the mass of quark q)[20]. In our
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calculation we adopted the t’Hooft gauge. The relevant diagrams of the tree-level, counter-
term, one-loop vertex corrections to this decay and the self-energies of W-boson, charginos
and neutralinos, are shown in Fig.1(a), (b), (c), (d), (e) and (f) (i = 1, j = 1), respectively.
The paper is organized as follows: In section 2, we review briefly the chargino, neu-
tralino and squark sectors of the MSSM and give the tree-level results (amplitude and
decay width). In section 3, we give some analytical results of the electroweak corrections
to the χ˜+1 → W+χ˜01 partial decay width. The numerical results and our conclusions are
presented in section 4.
II Notations and tree-level results
The tree-level Lagrangian for the chargino and neutralino masses reads
Lχ˜m = −
1
2
(
ψ+
ψ−
)T (
0 XT
X 0
)(
ψ+
ψ−
)
− 1
2
ψ0TY ψ0 + h.c. (2.1)
where the tree-level mass matrices X, Y are [20]
X =
(
M
√
2mW sin β√
2mW cos β µ
)
Y =


M ′ 0 −mZsW cos β mZsW sin β
0 M mZcW cos β −mZcW sinβ
−mZsW cos β mZcW cos β 0 −µ
mZsW sin β −mZcW sin β −µ 0

 (2.2)
and ψ+T = (−iλ+, ψ+H2), ψ−T = (−iλ−, ψ−H1), ψ0T = (−iλ′,−iλ3, ψ0H1 , ψ0H2), where sW ≡
sin θW , cW ≡ cos θW ,M andM ′ are the SU(2) and U(1)Y soft-SUSY-breaking parameters,
respectively. We define
χ+ = V ψ+,
χ− = Uψ+,
4
χ0 = Nψ0, (2.3)
where U , V and N are unitary matrices chosen such that:
U∗XV −1 = MD = diag(mχ˜+
1
,mχ˜+
2
), (0 < mχ˜+
1
< mχ˜+
2
)
N∗Y N−1 = M0D = diag(mχ˜0
1
,mχ˜0
2
,mχ˜0
3
,mχ˜0
4
), (0 < mχ˜0
1
< mχ˜0
2
< mχ˜0
3
< mχ˜0
4
).
(2.4)
The tree-level Lagrangian for the stop and sbottom masses is
Lq˜m = −
(
t˜L
t˜R
)†
M2
t˜
(
t˜L
t˜R
)
−
(
b˜L
b˜R
)†
M2
b˜
(
b˜L
b˜R
)
(2.5)
in which the tree-level stop and sbottom squared-mass matrices are:
M2t˜ =
(
M2
Q˜
+m2t +m
2
Z cos 2β
(
1
2 − 23s2W
)
mt (At − µ cot β)
mt (At − µ cot β) M2U˜ +m2t +
2
3m
2
Z cos 2βs
2
W
)
M2
b˜
=
(
M2
Q˜
+m2b −m2Z cos 2β
(
1
2 − 13s2W
)
mb (Ab − µ tan β)
mb (Ab − µ tan β) M2D˜ +m2b −
1
3m
2
Z cos 2βs
2
W
)
(2.6)
where MQ˜,MU˜ and MD˜ are the soft-SUSY-breaking masses. For the third generation
SU(2) squark doublet, we have Q˜ =
(
t˜L, b˜L
)
, and the singlets U˜ = t˜R and D˜ = b˜R,
respectively. At,b are the corresponding soft-SUSY-breaking trilinear coupling parameters.
To diagonalize the mass matrices M2
t˜
and M2
b˜
, we should introduce two unitary ma-
trices Rq˜: Rq˜M2q˜Rq˜+ = diag(m2q1 ,m2q2), (q = t, b). In consideration of the reality of the
mass matrices, we may choose matrices Rq˜ to be
Rq˜ =
(
cos θq sin θq
− sin θq cos θq
)
(q = t, b), (2.7)
where −π/2 ≤ θq˜ ≤ π/2. The mass-eigenstates q˜1, q˜2 are related to the current eigenstates
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q˜L, q˜R by the transformation:
(
q˜1
q˜2
)
= Rq˜
(
q˜L
q˜R
)
. (2.8)
The tree-level Lagrangian for the chargino-neutralino-W boson interactions is [3]
Lχ˜+χ˜0W = g ¯˜χ0i γµ
[
OLijPL +O
R
ijPR
]
χ˜+j W
−
µ + h.c. (2.9)
where PL,R =
1
2(1∓ γ5), and
OLij = −
1√
2
Ni4V
∗
j2 +Ni2V
∗
j1
ORij =
1√
2
N∗i3Uj2 +N
∗
i2Uj1 (2.10)
From this Lagrangian, we can easily obtain the tree-level amplitude and partial width of
the decay χ˜+1 →W+χ˜01:
Γtree(χ˜
+
1 →W+χ˜01) =
λ
16πm3
χ˜+
1
| Mtree |2
=
λg2
16πm3
χ˜+
1
[
ρ
(| OL11 |2 + | OR11 |2)− 12mχ˜+
1
mχ˜0
1
Re
(
OL∗11O
R
11
)]
(2.11)
where
λ =
[(
m2
χ˜+
1
− (mχ˜0
1
+mW )
2
)(
m2
χ˜+
1
− (mχ˜0
1
−mW )2
)]1/2
ρ = m2
χ˜+
1
+m2χ˜0
1
− 2m2W +
(m2
χ˜+
1
−m2
χ˜0
1
)2
m2W
(2.12)
III Renormalization and radiative corrections
The supersymmetric radiative corrections to chargino and neutralino productions have
been considered widely [21] [22]. For convenience, the corrections are expressed by using
6
form factors. All the one-loop level contributions to these form factors can be classified
in terms of prototypes distinguished by the number of particles inside the loops and their
spin [22]. The calculation of the supersymmetric corrections to the decay χ˜+1 → W+χ˜01
considered in this paper can be performed analogously. The form factors can be divided
into two parts, which are just the contributions of counter-term and vertex correction. In
order to obtain the counter-term of vertex ¯˜χ
0
i χ˜
+
j W
− which will be used in the calculation
of the corrections, the following renormalization constants are defined
(1) renormalization constants of fields [23]:
Wµ → Z1/2W Wµ
PLχ˜
+
i → ZL1/2+,ij PLχ˜+j , PRχ˜+i → ZR1/2+,ij PRχ˜+j
PLχ˜
0
i → ZL1/20,ij PLχ˜0j , PRχ˜0i → ZR1/20,ij PRχ˜0j
(2) renormalization constants of gauge couplings and masses [23]:
e → Zee = (1 + δZe)e
g → g + δg = (1 + δZe − δsW
sW
)g
m2W → m2W + δm2W , m2Z → m2Z + δm2Z
(3) renormalization of matrices U, V and N [24]:
U → U + δU, V → V + δV, N → N + δN, (3.1)
where ZR0,ij = Z
L∗
0,ij, because neutralinos χ˜
0
i are Majorana particles, χ˜
0c
i = χ˜
0
i .
In this paper, we adopt the complete on-mass-shell scheme in doing renormalization.
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The relevant renormalization constants in eq.(3.1) are fixed by the on-mass-shell renor-
malization conditions:
(a) The on-mass-shell renormalization conditions for gauge bosons are [23]
lim
k2→m2
W
1
−i(k2 −m2W )
R˜eiΓˆWWµν (k)ǫ
ν(k) = ǫµ(k)
lim
k2→m2
Z
1
−i(k2 −m2Z)
R˜eiΓˆZZµν (k)ǫ
ν(k) = ǫµ(k)
lim
k2→0
1
−ik2 R˜eiΓˆ
γγ
µν(k)ǫ
ν(k) = ǫµ(k)
R˜eiΓˆγZµν (k)ǫ
ν(k) |k2=0,m2
Z
= 0 (3.2)
where ǫ(k) are the polarization vectors of the external fields. R˜e takes only the real part of
the loop integrals appearing in the renormalized one-particle-irreducible two-point Green
functions iΓˆµν which can be written as
iΓˆWWµν (k) = −igµν(k2 −m2W )− i
(
gµν − kµkν
k2
)
ΣˆWWT (k
2)− ikµkν
k2
ΣˆWWL (k
2)
iΓˆabµν(k) = −igµν(k2 −m2a)δab − i
(
gµν − kµkν
k2
)
ΣˆabT (k
2)− ikµkν
k2
ΣˆabL (k
2) (3.3)
Here, a, b = γ, Z. From the above equations, we obtain [23]
δm2W = R˜eΣ
WW
T (m
2
W ), δm
2
Z = R˜eΣ
ZZ
T (m
2
Z)
δZW = −R˜e∂Σ
WW
T (k
2)
∂k2
|k2=m2
W
δZe = −1
2
δZγγ − sW
cW
1
2
δZZγ =
1
2
∂ΣγγT (k
2)
∂k2
|k2=0 −
sW
cW
ΣγγT (0)
m2Z
, (3.4)
in which Σ’s are the corresponding unrenormalized self energies.
By using the equation cos2 θW = m
2
W /m
2
Z , we find
δ cos θW =
1
2
cos θW
(
δm2W
m2W
− δm
2
Z
m2Z
)
. (3.5)
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(b) The renormalized one-particle-irreducible two-point Green functions of fermions(here
they are charginos and neutralinos) can be decomposed as
iΓfij(p) = iδij(/p−mfi) + i
[
/pPLΣˆ
L
ij + /pPRΣˆ
R
ij + PLΣˆ
SL
ij + PRΣˆ
SR
ij
]
. (3.6)
where ΣˆL,R,SL,SRij are the renormalized self-energy matrices of fermions. By imposing the
on-mass-shell renormalization conditions for fermions [23]
lim
p2→m2
fi
1
i(/p−mfi)
R˜eiΓˆfii(p)ui(p) = ui(p) R˜eiΓˆ
f
ij(p)uj(p) |p2=m2fj= 0
lim
p2→m2
fi
u¯i(p)R˜eiΓˆ
f
ii(p)
1
i(/p −mfi)
= u¯i(p) R˜eu¯i(p)iΓˆ
f
ij(p) |p2=m2fi= 0 (3.7)
we can get the renormalization constants of fermions [23] [25] [24]:
δmi =
1
2
Re
[
mi(Σ
L
ii(m
2
i ) + Σ
R
ii(m
2
i )) + Σ
SL
ii (m
2
i ) + Σ
SR
ii (m
2
i )
]
,
δZLii = −Re
[
ΣLii(m
2
i ) +m
2
i (Σ
L′
ii (m
2
i ) + Σ
R′
ii (m
2
i )) +mi(Σ
SL′
ii (m
2
i ) + Σ
SR′
ii (m
2
i ))
]
,
δZRii = −Re
[
ΣRii(m
2
i ) +m
2
i (Σ
L′
ii (m
2
i ) + Σ
R′
ii (m
2
i )) +mi(Σ
SL′
ii (m
2
i ) + Σ
SR′
ii (m
2
i ))
]
,
δZLij =
2
m2i −m2j
Re
[
m2jΣ
L
ij(m
2
j ) +mimjΣ
R
ij(m
2
j) +miΣ
SL
ij (m
2
j ) +mjΣ
SR
ij (m
2
j )
]
, for i 6= j
δZRij =
2
m2i −m2j
Re
[
mimjΣ
L
ij(m
2
j ) +m
2
jΣ
R
ij(m
2
j) +mjΣ
SL
ij (m
2
j ) +miΣ
SR
ij (m
2
j )
]
. for i 6= j
(3.8)
For radiative corrections to chargino and neutralino masses, we can refer to Ref.[26].
(c) δU, δV and δN are fixed by demanding that the wave function corrections are
symmetric [25] [24]:
δU =
1
4
(
δZR+ − δZR†+
)
U
δV =
1
4
(
δZL+ − δZL†+
)
V
9
δN =
1
4
(
δZL0 − δZL†0
)
N (3.9)
The chargino and neutralino self-energies can be found in Ref.[24].
By substituting Eq.(3.1) into the Lagrangian (2.9), we can obtain the counter-term of
vertex ¯˜χ
0
i χ˜
+
j W
−:
δLχ˜+χ˜0W = gW−µ ¯˜χ0i γµ
{
PL
[
δOLij +O
L
ij
(
δg
g
+
1
2
δZW
)
+
1
2
2∑
k=1
OLikδZ
L
+,kj
+
1
2
4∑
k=1
OLkjδZ
L∗
0,ki
]
+ PR
[
δORij +O
R
ij
(
δg
g
+
1
2
δZW
)
+
1
2
2∑
k=1
ORikδZ
R
+,kj
+
1
2
4∑
k=1
ORkjδZ
R∗
0,ki
]}
χ˜+j + h.c.
(3.10)
where
δOLij = −
1√
2
(δNi4V
∗
j2 +Ni4δV
∗
j2) + (δNi2V
∗
j1 +Ni2δV
∗
j1)
δORij =
1√
2
(δN∗i3Uj2 +N
∗
i3δUj2) + (δN
∗
i2Uj1 +N
∗
i2δUj1) (3.11)
For convenience, we define
− iδΛLji = OLij
(
δg
g
+
1
2
δZW
)
+
1
2
2∑
k=1
OLikδZ
L
+,kj +
1
2
4∑
k=1
OLkjδZ
L∗
0,ki + δO
L
ij
−iδΛRji = ORij
(
δg
g
+
1
2
δZW
)
+
1
2
2∑
k=1
ORikδZ
R
+,kj +
1
2
4∑
k=1
ORkjδZ
R∗
0,ki + δO
R
ij (3.12)
Then the contribution from the counter-term to the amplitude of the decay χ˜+1 →W+χ˜01
can be written as
δMc = u¯χ˜0
1
(k1)γ
µ(δΛL11PL + δΛ
R
11PR)uχ˜+
1
(p1)ǫµ(k2) (3.13)
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Up to the one-loop level, the total amplitude of this process is
Mtot =Mtree + δMv + δMc (3.14)
where δMv represents the vertex correction. For regularization of the ultraviolet diver-
gences in the virtual loop corrections, we adopt the dimensional reduction scheme (DR)
[27], which is commonly used in the calculations of the electroweak corrections in frame-
work of the MSSM as it preserves supersymmetry at least at one-loop level. As we ex-
pected, the divergence in δMv will be cancelled by that in the counter-term δMc exactly.
We can check this property of renormalization both analytically and numerically.
The calculations of the vertex correction δMv contributed by the one-loop diagrams
in Fig.1(c) tell us that
δMv = u¯χ˜0
1
(k1)[γ
µ(ΛL11PL + Λ
R
11PR) + p
µ
1 (Π
L
11PL +Π
R
11PR)]uχ˜+
1
(p1)ǫµ(k2) (3.15)
where ΛL11, Λ
R
11, Π
L
11 and Π
R
11 are the form factors whose expressions are listed in the
Appendix. To describe the magnitude of the supersymmtric electroweak corrections to
the partial width of the decay χ˜+1 → W+χ˜01, we introduce a quantity named relative
correction δ defined as
δ =
Γtot(χ˜
+
1 → W+χ˜01)− Γtree(χ˜+1 →W+χ˜01)
Γtree(χ˜
+
1 →W+χ˜01)
(3.16)
It will be used in numerical calculations in the next section.
IV Numerical results and conclusion
In the following we present some numerical results for the radiative corrections to chargino
decay into the lightest neutralino and W boson. In our numerical calculations the SM input
11
parameters are chosen to be mt = 174.3 GeV, mb = 4.3 GeV, mZ = 91.188 GeV, mW =
80.41 GeV and αEW = 1/128 [28]. For the SUSY sector, we choose the physical observables
to be the input parameters rather than the original parameters in the Lagrangian (e.g.
the soft-SUSY-breaking parameters M,M ′,M2
Q˜
, · · ·). In this paper we use the following
set of independent parameters:
(tan β,mχ˜+
1
,mχ˜+
2
,mχ˜0
1
,mt˜1 , θt,mb˜1 ,mb˜2 , θb) (4.1)
The parameters tan β,mχ˜+
1
,mχ˜+
2
and mχ˜0
1
among these nine input parameters are used to
determine the chargino and neutralino sectors and the rest five parameters to determine
the squark sectors. The parameters µ and M in the chargino matrix X ( see eq.(2.2) )
can be extracted from the input chargino masses mχ˜+
1,2
, but their values are not uniquely
determined. For the fixed chargino masses, we can obtain four sets of results:
case 1: −µ > M > 0, case2: M > −µ > 0, case 3: M > µ > 0 and case 4: µ > M > 0.
The only differences among the four cases present in their U and V matrices. All the
four cases are considered in this paper for completeness. The value of mt˜2 is determined
by SU(2) gauge invariance. For all the numerical calculations in this paper, we take
mχ˜+
2
= 550 GeV, mb˜1 = 400 GeV, mb˜2 = 450 GeV and mt˜1 = 140 GeV.
In Fig.2 we present the relative correction δ as a function of tan β for χ˜+1 → W+χ˜01,
assuming mχ˜+
1
= 190 GeV, mχ˜0
1
= 90 GeV and (θb, θt) =(-0.3, 0.78), (-0.2, 0.4), (0.2, -0.4),
(0.35, -0.4) for case 1, 2, 3 and 4 respectively. As shown in this figure, the SUSY-EW
corrections are important and especially sensitive to the value of tan β for case 1 and 4.
For case 1 the relative correction δ is positive when tan β & 4. It varies from −5% to
11.9% as the increment of tan β from 2 to 9 and decreases slowly as tan β grows in the
12
region where tan β > 9. The peak at tan β ∼ 9 on this curve is due to the fact that the
tree-level partial width of this decay Γtree has a minimum value around this position. For
case 4 the relative correction is negative, large (|δ| > 11%) and increases to −16.6% as
tan β ∼ 36. For case 2 and 3, the relative corrections are insensitive to tan β. They are
all negative and vary from −8.4% to −10% and −9.8% to −11.1%, respectively.
Fig.3(a) and (b) give the relative corrections as the functions of mχ˜+
1
in the case of
mχ˜0
1
= 60 GeV and 90 GeV, respectively, assuming tan β = 7. The values of (θb, θt)
are the same as in Fig.2. Both in the case of mχ˜0
1
= 60 GeV and 90 GeV, the relative
corrections are insensitive with mχ˜+
1
for case 2 and 3. The variations of them are all less
than 1%. Furthermore, the curves for case 2, 3 and 4 show that the relative corrections
in Fig.3(a) are almost the same as in Fig.3(b) for a fixed mχ˜+
1
. This conclusion can be
obtained from Fig.4 more evidently. The corrections are about −9% and −10% for case
2 and 3 respectively and vary from −13.7% to about −10% for case 4. For case 1, the
relative corrections range between 9% (11.3%) and 3.7% (1.7%) with mχ˜+
1
varying in the
mass region 150 (180) GeV to 270 (280) GeV when mχ˜0
1
= 60 (90) GeV.
In Fig.4 we show graphically the dependence between the relative correction and mχ˜0
1
.
Here we take tan β = 7, mχ˜+
1
= 190 GeV. θb and θt are set to be the same as in figure 2.
It is clear that the relative corrections are rather stable as mχ˜0
1
running from 60 GeV to
100 GeV for case 2, 3, 4 and are also not very insensitive to mχ˜0
1
for case 1. It can reach
about 11.7% and −13.4% for case 1 and 4, respectively.
The relative corrections as the functions of the squark mixing angles θb and θt are
displayed in Fig.5 and Fig.6, respectively. The insensitivity of the relative correction δ to
13
θb is due to the fact that the sbottoms b˜1,2 (mb˜1,2 = 400, 450 GeV) are much heavier than
the lighter stop t˜1 (mt˜1 = 140 GeV). Therefore, the sbottom quark are almost decoupled
and the variation of θb does not affect the relative correction too much. In contrast to the
sbottom mixing angle θb, the stop mixing angle θt plays a crucial role, as seen in Fig.6.
The SUSY-EW corrections decrease or increase the partial decay width of χ˜+1 → W+χ˜01
significantly depending on θt.
In summary, we have computed the supersymmetric electroweak corrections to the
partial width of the deacy χ˜+1 → W+χ˜01 in the MSSM. Only the third generation of
quark and squark are considered because of the Yukawa-like couplings of the relevant
vertices. These corrections are not very sensitive to the mass of the lightest neutralino
and the sbottom mixing angle, but depend strongly on the parameters tan β and θt. The
magnitude of the corrections can exceed 10% in some parameter space, therefore they
should be taken into account in any reliable analysis.
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V Appendix
In this appendix, we list the form factors of the decay χ˜+i → W+χ˜0j (i=1,2, j=1,2,3,4).
The form factors ΛL,Rij and Π
L,R
ij can be divided into four parts respectively
ΛL,Rij = Λ
(1)L,R
ij + Λ
(2)L,R
ij + Λ
(3)L,R
ij + Λ
(4)L,R
ij
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ΠL,Rij = Π
(1)L,R
ij +Π
(2)L,R
ij +Π
(3)L,R
ij +Π
(4)L,R
ij (5.1)
where Λ
(a)L,R
ij and Π
(a)L,R
ij (a=1,2,3,4) are the form factors contributed by the four one-
loop diagrams in Fig.1(c−1 ∼ c−4), respectively. In the calculation of these form factors,
the following vertices (or their conjugate vertices) will be used:
t¯− χ˜+i − b˜j : V Ltχ˜+i b˜jPL + V
R
tχ˜+i b˜j
PR
b¯− ¯˜χ+i − t˜j : (V Lbχ˜+i t˜jPL + V
R
bχ˜+i t˜j
PR)C
t¯− χ˜0i − t˜j : V Ltχ˜0i t˜jPL + V
R
tχ˜0i t˜j
PR
b¯− χ˜0i − b˜j : V Lbχ˜0i b˜jPL + V
R
bχ˜0i b˜j
PR
b˜∗i − t˜j −W− : Vb˜i t˜jW (p+ p
′)µ (5.2)
where p and p′ are the incoming momentum of t˜j and outgoing momentum of b˜i respec-
tively. The explicit expressions of these vertices can be found in Ref.[3]. and [20].
Now we can write down the form factors of the decay χ˜+i (p1)→ χ˜0j(k1) +W+(k2) :
Λ
(1)L
ij =
3
8π2
2∑
l,k=1
V R∗
bχ˜+i t˜l
V R
bχ˜0j b˜k
Vb˜k t˜lWC
(1)
24
Π
(1)L
ij = −
3
8π2
2∑
l,k=1
Vb˜k t˜lW [(C
(1)
11 − C(1)12 + C(1)21 − C(1)23 )V R∗bχ˜+i t˜lV
R
bχ˜0
j
b˜k
mχ˜0j
+(C
(1)
11 − C(1)12 )V R∗bχ˜+i t˜lV
L
bχ˜0j b˜k
mb + (C
(1)
22 − C(1)23 )V L∗bχ˜+i t˜lV
L
bχ˜0j b˜k
mχ˜+i
]
Λ
(1)R
ij = Λ
(1)L
ij (L↔ R)
Π
(1)R
ij = Π
(1)L
ij (L↔ R)
Λ
(2)L
ij = −
3
8π2
2∑
l,k=1
V L
tχ˜+i b˜k
V L∗
tχ˜0j t˜l
Vb˜k t˜lWC
(2)
24
Π
(2)L
ij =
3
8π2
2∑
l,k=1
Vb˜k t˜lW [(C
(2)
11 − C(2)12 + C(2)21 − C(2)23 )V Ltχ˜+i b˜kV
L∗
tχ˜0j t˜l
mχ˜0j
15
+(C
(2)
11 − C(2)12 )V Ltχ˜+i b˜kV
R∗
tχ˜0j t˜l
mt + (C
(2)
22 − C(2)23 )V Rtχ˜+i b˜kV
R∗
tχ˜0j t˜l
mχ˜+i
]
Λ
(2)R
ij = Λ
(2)L
ij (L↔ R)
Π
(2)R
ij = Π
(2)L
ij (L↔ R)
Λ
(3)L
ij = −i
3g
16
√
2π2
2∑
k=1
{V L
tχ˜+i b˜k
mt[C
(3)
0 mbV
L∗
bχ˜0j b˜k
− C(3)11 mχ˜0jV
R∗
bχ˜0j b˜k
]
+V R
tχ˜+i b˜k
mχ˜+i
[(C
(3)
0 + C
(3)
12 )mbV
L∗
bχ˜0j b˜k
− (C(3)11 − C(3)12 )mχ˜0jV
R∗
bχ˜0j b˜k
]}
Λ
(3)R
ij = i
3g
16
√
2π2
2∑
k=1
{C(3)12 mtmχ˜+i V
L
tχ˜+i b˜k
V R∗
bχ˜0j b˜k
− (C(3)0 + C(3)11 )mbmχ˜0jV
R
tχ˜+i b˜k
V L∗
bχ˜0j b˜k
+[
1
2
− 2C(3)24 + (C(3)12 + C(3)23 )m2W + (C(3)22 − C(3)23 )m2χ˜+i
+(C
(3)
11 − C(3)12 + C(3)21 − C(3)23 )m2χ˜0
j
]V R
tχ˜+i b˜k
V R∗
bχ˜0j b˜k
}
Π
(3)L
ij = −i
3g
8
√
2π2
2∑
k=1
[C
(3)
12 mtV
L
tχ˜+i b˜k
+ (C
(3)
22 − C(3)23 )mχ˜+i V
R
tχ˜+i b˜k
]V R∗
bχ˜0j b˜k
Π
(3)R
ij = i
3g
8
√
2π2
2∑
k=1
V R
tχ˜+i b˜k
[(C
(3)
0 + C
(3)
11 )mbV
L∗
bχ˜0j b˜k
− (C(3)11 − C(3)12 + C(3)21 −C(3)23 )mχ˜0jV
R∗
bχ˜0j b˜k
]
Λ
(4)L
ij = −i
3g
16
√
2π2
2∑
k=1
{C(4)12 mbmχ˜+i V
L∗
bχ˜+i t˜k
V R
tχ˜0j t˜k
− (C(4)0 + C(4)11 )mtmχ˜0jV
R∗
bχ˜+i t˜k
V L
tχ˜0j t˜k
+[
1
2
− 2C(4)24 + (C(4)12 + C(4)23 )m2W + (C(4)22 − C(4)23 )m2χ˜+i
+(C
(4)
11 − C(4)12 + C(4)21 − C(4)23 )m2χ˜0j ]V
R∗
bχ˜+
i
t˜k
V R
tχ˜0j t˜k
}
Λ
(4)R
ij = i
3g
16
√
2π2
2∑
k=1
{V L∗
bχ˜+i t˜k
mb[C
(4)
0 mtV
L
tχ˜0j t˜k
− C(4)11 mχ˜0jV
R
tχ˜0j t˜k
]
+V R∗
bχ˜+i t˜k
mχ˜+i
[(C
(4)
0 + C
(4)
12 )mtV
L
tχ˜0j t˜k
− (C(4)11 − C(4)12 )mχ˜0jV
R
tχ˜0j t˜k
]}
Π
(4)L
ij = −i
3g
8
√
2π2
2∑
k=1
V R∗
bχ˜+i t˜k
[(C
(4)
0 + C
(4)
11 )mtV
L
tχ˜0j t˜k
− (C(4)11 − C(4)12 + C(4)21 − C(4)23 )mχ˜0jV
R
tχ˜0j t˜k
]
Π
(4)R
ij = i
3g
8
√
2π2
2∑
k=1
[C
(4)
12 mbV
L∗
bχ˜+
i
t˜k
+ (C
(4)
22 − C(4)23 )mχ˜+i V
R∗
bχ˜+
i
t˜k
]V R
tχ˜0j t˜k
(5.3)
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where
C
(1)
11,12,21,22,23,24 = C11,12,21,22,23,24(k1,−p1,mb˜k ,mb,mt˜l)
C
(2)
11,12,21,22,23,24 = C11,12,21,22,23,24(k1,−p1,mt˜l ,mt,mb˜k)
C
(3)
0,11,12,21,22,23,24 = C0,11,12,21,22,23,24(k1,−p1,mb,mb˜k ,mt)
C
(4)
0,11,12,21,22,23,24 = C0,11,12,21,22,23,24(k1,−p1,mt,mt˜k ,mb) (5.4)
The definitions and numerical calculation formula of the one-point, two-point and three-
point Passarino-Veltman integrals are adopted from Ref.[29] and Ref.[30], respectively.
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Figure Captions
Fig.1 The relevant Feynman diagrams to the decay χ˜+1 → W+χ˜01: (a) tree-level dia-
gram; (b) counter-term for vertex; (c-1)-(c-4) one-loop vertex corrections; (d), (e) and (f)
self-energies of W boson, chargino and neutralino respectively. In diagrams (a), (b) and
(c), i = j = 1. In diagrams (c), (d), (e) and (f) the subscript k and l can take from 1 to 2.
Fig.2 The relative correction as a function of tan β.
Fig.3 The relative correction as a function of mχ˜+
1
.
Fig.4 The relative correction as a function of mχ˜0
1
.
Fig.5 The relative correction as a function of θb.
Fig.6 The relative correction as a function of θt.
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